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ANTENNA APPARATUS 
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Field of the Invention 
5 The present invention relates to an antenna, apparatus 

used in, for example, a VHF band, a UHF band, a microwave band, 
a mil lime i;er wave band, etc. 

Background of the Invention 

■I 

10 A ; prior art antenna apparatus is equipped with a 

circularly polarized wave generator and a polarizer, which are 
mounted on a rotary joint or a rotary mechanism, so as to allow 
integral rotation of a reflector and a primary radiator (refer 
to the following non-patent reference !)• 

15 [Non-patent reference 1] 

Takashi Kitsuregawa, 'Advanced Technology in Satellite 
Communication Antennas: Electrical & Mechanical Design', 
ARTECH HOUSE INC., pp.2 32 to 235, 1990. 

A problem with the prior art antenna apparatus 

20 constructed as mentioned above is that while it can rotate both 
the reflector and the primary radiator in a direction of an 
elevation angle or in a direction of an azimuth angle, the part 
of the prior art antenna apparatus which is arranged above the 
rotary mechanism has a very large size and has a high position, 

25 and therefore the prior art antenna apparatus lacks in 
installation stability because the circularly polarized wave 
generator and the polarizer are placed on the rotary joint or 
the rotary mechanism. 

The present invention is made in order to solve the 

30 above-mentioned problem, and it is therefore an object of the 
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present invention to provide an antenna apparatus having a low 
profile and high installation stability without impairing its 
electric characteristics . 

5 Disclosure of the Invention 

An antenna apparatus in accordance with the present 
invention includes a first rectangular waveguide for 
propagating a third linearly polarized wave signal outputted 
thereto from a second orthomode transducer, a second 

10 rectangular waveguide for propagating a fourth linearly 
polarized wave signal outputted thereto from the second 
orthomode transducer, and a third orthomode transducer for 
combining the third and fourth linearly polarized wave signals 
respectively propagated thereto by the first and the second 

15 rectangular waveguides into a circularly polarized wave signal , 
and for outputting the circularly polarized wave signal to a 
radiator, the first and second rectangular waveguides being 
disposed bilateral syimnetrically to each other and the third 
orthomode transducer being disposed below the second orthomode 

20 transducer. 

Therefore, the present embodiment offers an advantage of 
being able to reduce the profile of the antenna apparatus and 
to improve the installation stability without impairing the 
electric characteristics of the antenna apparatus, 

25 

Brief Description of the Figures 

Fig. 1 is a side view showing an antenna apparatus 
according to embodiment 1 of the present invention; 

Fig. 2 is a top plan view showing the antenna apparatus 
30 of Fig. 1; 
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Fig. 3 is a side view showing an antenna apparatus 
according to embodiment 2 of the present invention; 

Fig. 4 is a top plan view showing waveguide orthomode 
transducers 1 and 8 of an antenna apparatus according to 
5 embodiment 3 of the present invention; 

Fig. 5 is a perspective diagram showing a waveguide 
orthomode transducer of Fig. 4; 

Fig. 6 is a top plan view showing a waveguide orthomode 
transducer of an antenna apparatus according to embodiment 4 
10 of the present invention; 

Fig. 7 is a perspective diagram showing the waveguide 
orthomode transducer of Fig.. 6; 

Fig. 8 is a side view showing an antenna apparatus 
according to embodiment 5 of the present invention; 
15 Fig. 9 is a top plan view showing the antenna apparatus 

of Fig. 8; 

Fig. 10 is a block diagram showing an RF module; 
Fig. 11 is a block diagram showing an RF module; and 
Fig. 12 is a side view showing an antenna apparatus 
20 according to embodiment 7 of the present invention. 

Preferred Embodiments of the Invention 

Hereafter, in order to explain this invention in greater 
detail, the preferred embodiments of the present invention will 
25 be described with reference to the accompanying drawings. 
Embodiment 1 . 

Fig. 1 is a side view showing an antenna apparatus 
according to embodiment 1 of the present invention, and Fig. 
2 is a top plan view showing the antenna apparatus of Fig. 1. 
30 In the figure, a waveguide orthomode transducer 1 
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constitutes a first orthomode transducer that when receives 
both a linearly polarized wave signal LI (i.e. , a first linearly 
polarized wave signal) via an input/output terminal PI and a 
linearly polarized wave signal (i.e., a second linearly 
5 polarized wave signal) L2 having the same amplitude as the 
linearly polarized wave signal LI via an input/output terminal 
P2 and having a phase difference of 90 degrees with respect to 
the linearly polarized wave signal H, combines the linearly 
polarized wave signal Ll and the linearly polarized wave signal 

10 L2 into a composite signal and then outputs a circularly 
polarized wave signal CI that is the composite signal via an 
input/output terminal P3 . 

A rectangular-to-circular waveguide transformer 4 is 
connected to the waveguide orthomode transducer 1 , and 

15 propagates the circularly polarized wave signal CI outputted 
from the input/output terminal P3 of the waveguide orthomode 
transducer 1 to another rectangular-to-circular waveguide 
transformer 6. The other rectangular-to-circular waveguide 
transformer 6 propagates the circularly polarized wave signal 

20 CI propagated thereto by the rectangular-to-circular waveguide 
transformer 4 to a waveguide orthomode transducer 8. 

A rectangular waveguide rotary joint 5 is inserted 
between the rectangular- to-circular waveguide transformer 4 
and the other rectangular-to-circular waveguide transformer 6, 

25 and constitutes an azimuth rotary member that supports rotation 
of members (for example, a primary radiator 14, a main reflector 
16, and a subref lector 15), which are disposed above the 
rectangular waveguide rotary joint 5, in a direction of an 
azimuth angle under the control of an azimuth rotary mechanism 

30 7 . It is assumed that the rectangular waveguide rotary joint 



5 is constructed so that a circular-waveguide TEll mode is 
defined as a propagation mode. The azimuth rotary mechanism 
7 is a mechanical unit for rotating the rectangular waveguide 
rotary joint 5 about an azimuth axis D. . 

The waveguide orthomode transducer 8 is disposed above 
the waveguide orthomode transducer 1, and constitutes a second 
orthomode transducer that, when receiving the circularly 
polarized wave signal CI outputted thereto from the 
rectangular-to-circular waveguide transformer 6 via the 
input/output terminal P4, separates the circularly polarized 
wave signal CI into a linearly polarized wave signal (i.e., a 
third linearly polarized wave signal) L3 and a linearly 
polarized wave signal (i.e., a fourth linearly polarized wave 
signal) L4 having the same amplitude as the linearly polarized 
wave signal L3 and having a phase difference of 90 degrees with 
respect to the linearly polarized wave signal L3, and then 
outputs the third and fourth linearly polarized wave signals 
L3 and L4 via input /output terminals P5 and P6, respectively. 

A rectangular waveguide 9a propagates the linearly 
polarized wave signal L3 outputted thereto via the input/output 
terminal P5 of the waveguide orthomode transducer 8 to another 
rectangular waveguide 10a, and the other rectangular waveguide 
10a the propagates the linearly polarized wave signal L3 to a 
waveguide orthomode transducer 13. The rectangular waveguides 
9a and 10a constitute a first rectangular waveguide. 

A rectangular waveguide 9b propagates the linearly 
polarized wave signal L4 outputted thereto via the input/output 
terminal P6 of the waveguide orthomode transducer 8 to another 
rectangular waveguide 10b, and the other rectangular waveguide 
10b then propagates the linearly polarized wave signal L4 to 
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a waveguide orthomode transducer 13. The rectangular 
waveguides 9b and 10b constitute a second rectangular 
waveguide. 

The rectangular waveguides 9a and 9b are formed so that 
5 they are bilateral synimetric to each other, and the rectangular 
waveguides 10a and 10b are formed so that they are bilateral 
symmetric to each other. 

A rectangular waveguide rotary joint 11a is inserted 
between the rectangular waveguide 9a and the rectangular 

10 waveguide 10a, and constitutes an elevation angle rotary member 
that supports rotation of the waveguide orthomode transducer 
13, the primary radiator 14, the subref lector 15, and the main 
reflector 16 in a direction of an elevation angle under the 
control of an elevation angle rotary mechanism 12a. The 

15 elevation angle rotary mechanism 12a is a mechanical unit for 
rotating the rectangular waveguide rotary joint 11a around an 
elevation angle axis E. 

Another rectangular waveguide rotary joint lib is also 
inserted between the rectangular waveguide 9b and the 

20 rectangular waveguide 10b, and constitutes an elevation angle 
rotary member that supports rotation of the waveguide orthomode 
transducer 13, the primary radiator 14, the subref lector 15, 
and the main reflector 16 in the direction of the elevation angle 
under the control of an elevation angle rotary mechanism 12b. 

25 The elevation angle rotary mechanism 12b is a mechanical unit 
for rotating the rectangular waveguide rotary joint lib around 
the elevation angle axis E. 

The waveguide orthomode transducer 13 is disposed below 
the waveguide orthomode transducer 8, and constitutes a third 

30 orthomode transducer that when receiving both the linearly 
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polarized wave signal L3 propagated by the rectangular 
waveguide 10a via an input/output terminal P7 and the linearly 
polarized wave signal L4 propagated by the rectangular 
waveguide 10b via an input/output terminal P8, combines the 
5 linearly polarized wave signals L3 and L4 into a composite 
signal, and then outputs a circularly polarized wave signal C2 
which is the composite signal via an input/output terminal P9. 
The primary radiator 14 is disposed above the waveguide 
orthomode transducer 13, and emits the circularly polarized 
10 wave signal C2 outputted thereto via the input/output terminal 
P9 of the waveguide orthomode transducer 13 to the subref lector 
15. 

The subreflector 15 is disposed so that its reflecting 
surface is oriented in a downward direction and reflects the 

15 circularly polarized wave signal C2 emitted from the primary 
radiator 14 toward the main reflector 16. The main reflector 
16 is disposed so that its reflecting surface is oriented in 
an upward direction and emits the circularly polarized wave 
signal C2 reflected by the subreflector 15 in the air. A 

20 supporting structure 17 supports the subreflector 15 and the 
main reflector 16 so that they are apart from each other and 
are aligned. along the azimuth axis. 

Next, the operation of the antenna apparatus in 
accordance with this embodiment of the present invention will 

25 be explained. 

A case where the antenna apparatus emits a circularly 
polarized wave signal C2 toward a target will be explained 
first. 

When receiving both a linearly polarized wave signal LI 
30 via the input/output terminal PI and a linearly polarized wave 
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signal L2 having the same amplitude as the linearly polarized 
wave signal LI via the input/output terminal P2 and having a 
phase difference of 90 with respect to the linearly polarized 
wave signal Ll, the waveguide orthomode transducer 1 combines 
5 the linearly polarized wave signals LI and L2 into a composite 
signal and then outputs a circularly polarized wave signal CI 
that is the composite signal via the input/output terminal P3. 

When receiving the circularly polarized wave signal CI 
from the input /output terminal P3 of the waveguide orthomode 

10 transducer 1, the rectangular-to-circular waveguide 
transformer 4 propagates the circularly polarized wave signal 
CI to the rectangular-to-circular waveguide transformer 6, and 
the rectangular-to-circular waveguide transformer 6 then 
propagates the circularly polarized wave signal CI propagated 

15 by the rectangular-to-circular waveguide transformer 4 to the 
waveguide orthomode transducer 8 . 

When receiving the circularly polarized wave signal CI 
propagated by the rectangular-to-circular waveguide 
transformer 6 from the input/output terminal P4, the waveguide 

20 orthomode transducer 8 separates the circularly polarized wave 
signal CI into linearly polarized wave signals L3 and L4, and 
then outputs the linearly polarized wave signal L3 via the 
input/output terminal P5 and outputs the linearly polarized 
wave signal L4 having the same amplitude as the linearly 

25 polarized wave signal L3 and having a phase difference of 90 
degrees with respect to the linearly polarized wave signal L3 
via the input/output terminal P6* 

When receiving the linearly polarized wave signal L3 from 
the input /output terminal P5 of the waveguide orthomode 

30 transducer 8, the rectangular waveguide 9a propagates the 
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linearly polarized wave signal L3 to the rectangular waveguide 
10a, and the rectangular waveguide 10a then propagates the 
linearly polarized wave signal L3 to the waveguide orthomode 
transducer 13. 

5 On the other hand, when receiving the linearly polarized 

wave signal L4 from the input/output terminal P6 of the 
waveguide orthomode transducer 8 , the rectangular waveguide 9b 
propagates the linearly polarized wave signal L4 to the 
rectangular waveguide 10b, and the rectangular waveguide 10b 

10 then propagates the linearly polarized wave signal L4 to the 
waveguide orthomode transducer 13. 

When receiving both the linearly polarized wave signal 
L3 propagated by the rectangular waveguide 10a via the 
input/output terminal P7 and the linearly polarized wave signal 

15 L4 propagated by the rectangular waveguide 10b via the 
input/output terminal P8, the waveguide orthomode transducer 
13 combines the linearly polarized wave signals L3 and L4 into 
a composite signal, and then outputs a circularly polarized wave 
signal C2 which is the composite signal via the input/output 

20 terminal P9. 

When receiving the circularly polarized wave signal C2 from the 
input/output terminal P9 of the waveguide orthomode transducer 
13, the primary radiator 14 emits the circularly polarized wave 
signal C2 to the subref lector 15. 

25 As a result, the circularly polarized wave signal C2 is 

reflected toward the main reflector 16 by the subref lector 15, 
and is further reflected toward the air by the main reflector 
16- 

Although the rectangular waveguide rotary joints 11a and 
30 lib rotate the waveguide orthomode transducer 13, the primary 



10 

radiator 14, the subref lector 15, and the main reflector 16 
around the elevation angle axis E under the control of the 
elevation angle rotary mechanisms 12a and 12b, and the 
rectangular waveguide rotary joint 5 rotates the waveguide 
5 orthomode transducer 8 , the rectangular waveguides 9a, 9b, 10a, 
and 10b, the waveguide orthomode transducer 13, the primary 
radiator 14, the subref lector 15, and the main reflector 16 
around the azimuth axis D under the control of the azimuth rotary 
mechanism 7, the amplitude and phase relationship between the 

10 linearly polarized wave signals L3 and L4 inherits the amplitude 
and phase relationship between the linearly polarized wave 
signals Ll and L2 because the rectangular waveguides 9a and 9b 
are formed so that they are bilateral symmetric to each other 
and the rectangular waveguides 10a and 10b are formed so that 

15 they are bilateral symmetric to each other. In other words, 
the linearly polarized wave signal L3 and the linearly polarized 
wave signal L4 are equal in amplitude, and are 90 degrees out 
of phase with each other. 

Therefore, even if the waveguide orthomode transducer, 

20 the primary radiator, the subref lector , and the main reflector 
are driven over a large angle range with respect to the direction 
of the elevation angle , the good circularly polarized wave state 
of the circularly polarized wave signal C2 outputted from the 
input /output terminal P9 of the waveguide orthomode transducer 

25 13 can be maintained. The antenna apparatus can thus emit a 
good-quality circularly polarized wave signal in a wide band. 

Since the rectangular waveguide rotary joint 5 is 
constructed so that the circular-waveguide TEll mode is defined 
as the propagation mode, it can drive the waveguide orthomode 

30 transducer, the rectangular waveguides, the other waveguide 
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orthomode transducer^ the primary radiator, the subref lector , 
and the main reflector over a large angle range with respect 
to the direction of the azimuth angle without impairing the 
electrical characteristics of the antenna apparatus of this 
5 embodiment. Therefore , the antenna apparatus can transmit the 
circularly polarized wave signal while carrying out scanning 
of the antenna beam over a wide angle. It can be further 
expected that the antenna apparatus exhibits good passage and 
reflection characteristics over a wide band. 
10 Next, a case where the antenna apparatus receives a circularly 
polarized wave signal C2 reflected from a target will be 
explained. 

When receiving the circularly polarized wave signal C2, 
the main reflector 16 reflects the circularly polarized wave 

15 signal C2 toward the subref lector 15 . The circularly polarized 
wave signal C2 is then reflected by the subreflector 15 and is 
made to be incident upon the primary radiator 14. 

When receiving the circularly polarized wave signal C2, 
the primary radiator 14 outputs the circularly polarized wave 

20 signal C2 to the waveguide orthomode transducer 13. 

When receiving the circularly polarized wave signal C2 
outputted from the primary radiator 14 via the input/output 
terminal P9^ the waveguide orthomode transducer 13 separates 
the circularly polarized wave signal C2 into linearly polarized 

25 wave signals L3 and L4, and then outputs the linearly polarized 
wave signal L3 via the input/output terminal P7 and also outputs 
the linearly polarized wave signal L4 having the same amplitude 
as the linearly polarized wave signal L3 and having a phase 
difference of 90 degrees with respect to the linearly polarized 

30 wave signal L3 via the input/output terminal P8. 
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When receiving the linearly polarized wave signal L3 from 
the input/output terminal P7 of the waveguide orthomode 
transducer 13, the rectangular waveguide 10a propagates the 
linearly polarized wave signal L3 to the rectangular waveguide 
5 9a, and the rectangular waveguide 9a then propagates the 
linearly polarized wave signal L3 to the waveguide orthomode 
transducer 8 . 

On the other hand, when receiving the linearly polarized 
wave signal L4 from the input/output terminal P8 of the 

10 waveguide orthomode transducer 13, the rectangular waveguide 
10b propagates the linearly polarized wave signal L4 to the 
rectangular waveguide 9b, and the rectangular waveguide 9b then 
propagates the linearly polarized wave signal L4 to the 
waveguide orthomode transducer 8 . 

15 When receiving the linearly polarized wave signal L3 

propagated by the rectangular waveguide 9a via the input/output 
terminal P5 and also receiving the linearly polarized wave 
signal L4 propagated by the rectangular waveguide 9b via the 
input/output terminal P6, the waveguide orthomode transducer 

20 8 combines the linearly polarized wave signals L3 and L4 into 
a composite signal , and then outputs a circularly polarized wave 
signal CI which is the composite signal via the input/output 
terminal P4. 

When receiving the circularly polarized wave signal 
25 Clf rom the input /output terminal P4 of the waveguide orthomode 
transducer 8, the rectangular-to-circular waveguide 
transformer 6 propagates the circularly polarized wave signal 
CI to the other rectangular-to-circular waveguide transformer 
4, and the other rectangular-to-circular waveguide transformer 
30 4 then propagates the circularly polarized wave signal CI 
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propagated by the rectangular-to-circular waveguide 
transformer 6 to the waveguide orthomode transducer 1. 

When receiving the circularly polarized wave signal CI 
propagated by the rectangular-to-circular waveguide 
5 transformer 4 from the input/output terminal P3r the waveguide 
orthomode transducer 1 separates the circularly polarized wave 
signal CI into linearly polarized wave signals Ll and L2 , and 
then outputs the linearly polarized wave signal Ll via the 
input/output terminal Pi and also outputs the linearly 

10 polarized wave signal L2 having the same amplitude as the 
linearly polarized wave signal Ll and having a phase difference 
of 90 degrees with respect to the linearly polarized wave signal 
Ll via the input/output terminal P2 . 

The antenna apparatus carries out reception of a 

15 circularly polarized wave signal in this way. As in the case 
of transmission of a circularly polarized wave signal, the 
antenna apparatus can drive the waveguide orthomode transducer, 
the rectangular waveguides, the other waveguide orthomode 
transducer, the primary radiator, the subref lector , and the 

20 main reflector over a wide angle range in both the direction 
of the elevation angle and the direction of the azimuth angle 
so as to receive a circularly polarized wave signal in good 
condition. 

As shown in Fig. 2, the main reflector 16 is an antenna 
25 having a rectangular aperture having a length "M" which is a 
size in the direction of the elevation angle axis of rotation 
E and a length "W" (M>W) which is a size in a direction (referred 
to as a width direction from here on) perpendicular to the 
elevation angle axis of rotation E. The subref lector 15 is also 
30 an antenna having a rectangular aperture whose size in the 
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direction of the elevation angle axis of rotation E is larger 
than its size in the width direction. 

The elevation angle axis of rotation E is made to pass 
through an almost central position of the distance (i.e., the 
5 height) H between the main reflector and the subref lector in 
the direction (i.e., the height direction) of the azimuth axis 
of rotation D of the main reflector 16 (refer to Fig. 1), and 
to pass through an almost central position of the main reflector 
16 with respect to the width direction. 

10 Therefore, when the main reflector 16 and the 

subref lector 15 are rotated around the elevation angle axis of 
rotation E, a movable area in which the main reflector 16 and 
the subref lector 15 can be moved exists within a circle which 
is delineated by the outermost edge of the main reflector 16, 

15 the circle having a center on the elevation angle axis of 
rotation E. 

The movable area defined by this circle is very small as 
compared with that provided by prior art antenna apparatus , and 
the profile of the antenna apparatus of this embodiment does 
20 not increase even if the main reflector 16 and the subref lector 
15 are made to rotate around the elevation angle axis of rotation 
E. 

The main reflector 16 and the subref lector 15 are shaped, 
and receive and reflect almost all of electromagnetic waves 

25 supplied thereto. Since a concrete procedure for shaping the 
main reflector 16 and the subreflector 15 is well known in this 
technical field, the detailed explanation of the concrete 
procedure for shaping the main reflector 16 and the subreflector 
15 will be omitted hereafter. The procedure for shaping the 

30 main reflector and the subreflector is a technique for 
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controlling the aperture shape and aperture distribution of an 
antenna, which is described in detail in, for example, lEE Proc. 
Microw. Antennas Propag. Vol.146, No.l, pp.60 to 64, 1999. 

In this embodiment, the main reflector and the 
5 subref lector are shaped so that the aperture of the antenna has 
a nearly rectangular shape and the aperture distribution 
becomes uniform. 

As can be seen from the above description, in accordance 
with this embodiment 1, the rectangular waveguides 9a and 10a 
10 are formed so that they are bilateral symmetric to each other, 
the rectangular waveguides 9b and 10b are formed so that they 
are bilateral symmetric to each other, and the waveguide 
orthomode transducer 13 is disposed below the waveguide 
orthomode transducer 8. Therefore, the present embodiment 
15 offers an advantage of being able to reduce the profile of the 
antenna apparatus and to improve the installation stability 
without impairing the electric characteristics of the antenna 
apparatus . 

In other words, the present embodiment offers an 
20 advantage of being able to achieve a downsizing and a low profile 
of the antenna apparatus by reducing the profile of the antenna 
apparatus. In addition, since the antenna apparatus has a 
bilateral symmetric structure, it excels in weight balance and 
offers stable performance from the viewpoint of mechanism. 

25 

Embodiment 2 . 

In above-mentioned embodiment 1, the rotation of the 
antenna apparatus around the elevation angle axis of rotation 
E is implemented by inserting each of the rectangular waveguide 
30 rotary joints 11a and lib between rectangular waveguides, as 
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previously mentioned. As shown in Fig. 3, the rotation of the 
antenna apparatus around the elevation angle axis of rotation 
E can be alternatively implemented by inserting each of 
coaxial-cable rotary joints 22a and 22b between rectangular 
5 waveguides. 

In other words, a 

coaxial-cable-to-rectangular-waveguide converter 21a is 
connected to a rectangular waveguide 9a and another 
coaxial-cable-to-rectangular-waveguide converter 23a is 

10 connected to a rectangular waveguide 10a, and the coaxial-cable 
rotary joint 22a is inserted between the 
coaxial-cable-to-rectangular-waveguide converter 21a and the 
other coaxial-cable-to-rectangular-waveguide converter 23a. 

In addition, a coaxial-cable-to-rectangular-waveguide 

15 converter 21b is connected to a rectangular waveguide 9b and 
another coaxial-cable-to-rectangular-waveguide converter 2 3b 
is connected to a rectangular waveguide 10b, and the 
coaxial-cable rotary joint 22b is inserted between the 
coaxial-cable-to-rectangular-waveguide converter 21b and the 

20 other coaxial-cable-to-rectangular-waveguide converter 23b. 

Thus, the antenna apparatus according to this embodiment 
is partially constructed of coaxial cables. Therefore, the 
present embodiment offers an advantage of being able to transmit 
and receive a good-quality circularly polarized wave signal in 

25 a further wide band without impairing a downsizing and a low 
profile of the antenna apparatus, and without preventing wide 
angle scanning. 

Embodiment 3 . 

30 In either of above-mentioned embodiments 1 and 2 , the 
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internal structure of each of the waveguide orthomode 
transducers 1, 8, and 13 is not illustrated. Each of the 
waveguide orthomode transducers 1, 8, and 13 can have an 
internal structure as shown in Figs, 4 and 5. The waveguide 
5 orthomode transducers 1, 8, and 13 can have the same structure. 
For the sake of simplicity, Figs. 4 and 5 show the structure 
of the waveguide orthomode transducer 8 . 

In Figs. 4 and 5, when receiving a circularly polarized 
wave signal CI outputted thereto by a rectangular-to-circular 

10 waveguide transformer 6 via an input/output terminal F4 , a 
square main waveguide 31 transmits the circularly polarized 
wave signal (including a vertically polarized electric wave and 
a horizontally polarized electric wave) CI. Another square 
main waveguide 32 has an aperture diameter larger than that of 

15 the square main waveguide 31 and a level difference at a 
connecting portion where it is connected to the square main 
waveguide 31, the level difference being sufficiently smaller 
than the free space wavelength of an available frequency band. 
The other square main waveguide 32 transmits the circularly 

20 polarized wave signal (including a vertically polarized 
electric wave and a horizontally polarized electric wave) CI 
transmitted thereto by the square main waveguide 31. 

A short-circuit plate 33 blocks one terminal of the square 
main waveguide 32, and a quadrangular-pyramid-shaped metallic 

25 block 34 is disposed on the short-circuit plate 33 and separates 
the circularly polarized wave signal into the vertically 
polarized electric wave and the horizontally polarized electric 
wave. An electric wave branching means comprises the square 
main waveguides 31 and 32, the short-circuit plate 33, and the 

30 quadrangular-pyramid-shaped metallic block 34. 
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Rectangular waveguide branching units 35a to 35d are 
connected to the square main waveguide 32 so that they are 
perpendicular to the four waveguide axes of the square main 
waveguide 32, respectively. Rectangular waveguide 

5 multi-stage transformers 36a to 36d are connected to the 
rectangular waveguide branching units 35a to 35d, respectively, 
and have waveguide axes that are curved in an H plane and have 
aperture diameters which decrease with distance from the 
rectangular waveguide branching units 35a to 35d, respectively. 

10 A rectangular waveguide E-plane T-branching circuit 37 combines 
a horizontally polarized electric wave transmitted by the 
rectangular waveguide multi-stage transformer 36a and a 
horizontally polarized electric wave transmitted by the 
rectangular waveguide multi-stage transformer 36b into a 

15 composite signal, and then outputs a linearly polarized wave 
signal L3 which is the composite signal via the input/output 
terminal P5 . Another rectangular waveguide E-plane 
T-branching circuit 38 combines a vertically polarized electric 
wave transmitted by the rectangular waveguide multi-stage 

20 transformer 36c and a vertically polarized, electric wave 
transmitted by the rectangular waveguide multi-stage 
transformer 36d into a composite signal, and then outputs a 
linearly polarized wave signal L4 which is the composite signal 
via the input/output terminal P6. 

25 A first electric wave propagating means comprises the 

rectangular waveguide branching units 35a and 35b, the 
rectangular waveguide multi-stage transformers 36a and 36b, and 
the rectangular waveguide E-plane T-branching circuit 37, and 
a second electric wave propagating means comprises the 

30 rectangular waveguide branching units 35c and 35d, the 
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rectangular waveguide multi-stage transformers 36c and 36d, and 
the rectangular waveguide E-plane T-branching circuit 38. 

Next, the operation of the waveguide orthomode transducer 
in accordance with this embodiment of the present invention will 
5 be explained. 

When the antenna apparatus receives a horizontally 
polarized electric wave H of basic mode (i.e., TEOl mode) via 
the input /output terminal P4, the square main waveguides 31 and 
32 transmit the horizontally polarized electric wave H to the 
10 quadrangular-pyramid-shaped metallic block. 

When the horizontally polarized electric wave H then 
reaches the quadrangular-pyramid-shaped metallic block 34, the 
quadrangular-pyramid-shaped metallic block causes it to branch 
toward both the direction of the rectangular waveguide 
15 branching unit 35a and the direction of the rectangular 
waveguide branching unit 35b (in the figures, the directions 
of H: first horizontal symmetrical directions). 

In other words, since each of the rectangular waveguide 
branching units 35c and 35d has upper and lower walls having 
20 a gap which is equal to or smaller than one half of the free 
space wavelength of the available frequency band, the 
horizontally polarized electric wave H is not made to branch 
toward the directions of the rectangular waveguide branching 
units 35c and 35d (in the figures, in the directions of V: second 
25 horizontal symmetrical directions) due to the interception 
effect of the rectangular waveguide branching units 35c and 35d, 
but is made to branch toward the directions of the rectangular 
waveguide branching units 35a and 35b (in the figures, in the 
directions of H). 
30 Since the orientation of the electric field is changed 
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along the quadrangular-pyramid- shaped metallic block 34 and the 
short-circuit plate 33, the electric field has a distribution 
equivalent to an electric field distribution provided by two 
rectangular waveguide E-plane miter bends having excellent 
5 reflective characteristics which are placed so that they are 
symmetric to each other. Therefore, the horizontally 
polarized electric wave H is efficiently outputted in the 
directions of the rectangular waveguide branching units 35a and 
35b while leakage of the horizontally polarized electric wave 
10 H in the directions of the rectangular waveguide branching units 
35c and 35d is suppressed. 

The level difference between the square main waveguides 

31 and 32 at the connecting portion where the square main 
waveguide 31 is connected to the square main waveguide 32 is 

15 so designed as to be sufficiently small as compared with the 
free space wavelength of the available frequency band, and the 
connecting portion between the square main waveguides 31 and 

32 has reflection characteristics in which there is a large 
reflection loss in a frequency band near the cut-off frequency 

20 of the basic mode of the horizontally polarized electric wave 
H and there is a very small reflection loss in a frequency band 
to some extent higher than the cut-off frequency- The 
reflection characteristics are similar to the reflection 
characteristics of the above-mentioned branching portion at 

25 which the horizontally polarized electric wave H iS made to 
branch toward the directions of the rectangular waveguide 
branching units 35a and 35b, and the above-mentioned connecting 
portion is positioned so that a reflected wave from the 
branching portion and a reflected wave from the above-mentioned 

30 connecting portion cancel each other out in a band close to the 
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cut-off frequency. Therefore^ any degradation in the 
reflection characteristics in the frequency band near the 
cut-off frequency can be suppressed without impairing the good 
reflection characteristics in the frequency band to some extent 
5 higher than the cut-off frequency of the basic mode of the 
horizontally polarized electric wave H, 

Each of the rectangular waveguide multi-stage 
transformers 36a and 36b has a waveguide axis which is curved, 
and has an upper wall in which two or more level differences 

10 are formed and the level differences are arranged at intervals 
of about one quarter of the wavelength of an electric wave 
propagating therethrough with respect to a centerline of the 
waveguide. After all, the two components in the directions of 
the rectangular waveguide branching units 35a and 35b toward 

15 which the electric wave H is made to brainch are combined into 
a composite wave signal by the rectangular waveguide E-plane 
T-branching circuit 37 and the composite wave signal is 
efficiently outputted via the input/output terminal P5 without 
the reflection characteristics of the waveguide orthomode 

20 transducer being impaired. 

On the other hand, when the waveguide orthomode 
transducer receives a vertically polarized electric wave V of 
basic mode (i.e., TElO mode) via the input/output terminal P4, 
the square main waveguides 31 and 32 transmit the vertically 

25 polarized electric wave V to the quadrangular-pyramid-shaped 
metallic block. 

When the vertically polarized electric wave V then 
reaches the quadrangular-pyramid-shaped metallic block 34, the 
quadrangular-pyramid-shaped metallic block makes it branch 

30 toward both a direction of the rectangular waveguide branching 
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unit 35c and a direction of the rectangular waveguide branching 
unit 35d (in the figures, the directions of V). 

In other words, since each of the rectangular waveguide 
branching units 35a and 35b has upper and lower walls having 
5 a gap which is equal to or smaller than oiie half of the free 
space wavelength of the available frequency band, the 
vertically polarized electric wave V is not made to branch 
toward the directions of the rectangular waveguide branching 
units 35a and 35b (in the figures, in the directions of H) due 

10 to the interception, effect of the rectangular waveguide 
branching units 35a and 35b, but is made to branch toward the 
directions of the rectangular waveguide branching units 35c and 
35d (in the figures, in the directions of V). 

Since the orientation of the electric field is changed 

15 along the quadrangular-pyramid-shaped metallic block 34 and the 
short-circuit plate 33, the electric field has a distribution 
equivalent to an electric field distribution provided by two 
rectangular waveguide E-plane miter bends having excellent 
reflection characteristics which are placed so that they are 

20 symmetric to each other. Therefore, the vertically polarized 
electric wave V is efficiently outputted in the directions of 
the rectangular waveguide branching units 35c and 35d while 
leakage of the vertically polarized electric wave V in the 
directions of the rectangular waveguide branching units 35a and 

25 35b is suppressed. 

The level difference between the square main waveguides 
31 and 32 at the connecting portion where the square main 
waveguide 31 is connected to the square main waveguide 32 is 
so designed as to be sufficiently small as compared with the 

30 free space wavelength of the available frequency band, and the 
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connecting portion between the square main waveguides 31 and 
32 has reflection characteristics in which there is a large 
reflection loss in a frequency band near the cut-off frequency 
of the basic mode of the vertically polarized electric wave V 
5 and there is a very small reflection loss in a frequency band 
to some extent higher than the cut-off frequency- The 
reflection characteristics are similar to the reflection 
characteristics of the above-mentioned branching portion at 
which the vertically polarized electric wave V is made to branch 

10 toward the directions of the rectangular waveguide branching 
units 35c and 35d, and the above-mentioned connecting portion 
is positioned so that a reflected wave from the branching 
portion and a reflected wave from the above-mentioned 
connecting portion cancel each other out in a band close to the 

15 cut-off frequency. Therefore, any degradation in the 
reflection characteristics in the frequency band near the 
cut-off frequency can be suppressed without impairing the good 
reflection characteristics in the frequency band to some extent 
higher than the cut-off frequency of the basic mode of the 

20 vertically polarized electric wave V. 

Each of the rectangular waveguide multi-stage 
transformers 36c and 36d has a waveguide axis which is curved, 
and has a lower wall in which two or more level differences are 
formed and the level differences are arranged at intervals of 

25 about one quarter of the wavelength of an electric wave 
propagating therethrough with respect to a centerline of the 
waveguide. After all, the two components in the directions of 
the rectangular waveguide branching units 35c and 35d toward 
which the electric wave V is separated made to branch arie 

30 combined into a composite wave signal by the rectangular 
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waveguide E-plane T-branching circuit 38 and the composite wave 
signal is efficiently outputted via the input/output terminal 
P6 without the reflection characteristics of the waveguide 
orthomode transducer being impaired. 
5 Although the explanation of the principle of operation 

of the waveguide orthomode transducer is made as to the case 
where the input/output terminal P4 is used as an input terminal 
and the input/output terminals P5 and P6 are used as output 
terminals, the waveguide orthomode transducer of this 

10 embodiment operates on the same principle of operation even in 
a case where the input/output terminals P5 and P6 are used as 
input terminals and the input/output terminal P4 is used as an 
output terminal. 

As can be seen from the above description, this embodiment 

15 3 offers an advantage of being able to provide good reflection 
characteristics and isolation characteristics in a wide 
frequency band including a frequency range close to the cut-off 
frequency of the basic mode of the square main waveguide 32. 
Since the length of the square main waveguide 31 in the direction 

20 of its waveguide axis can be shortened in each of the waveguide 
orthomode transducers 1, 8, and 13, the physical size of the 
antenna apparatus can be reduced. 

Embodiment 4 . 

25 The antenna apparatus in accordance with above-mentioned 

embodiment 3 uses the waveguide orthomode transducers 1,8, and 
13 each having a structure shown in Figs. 4 and 5, as previously 
explained. As an alternative, the antenna apparatus uses 
waveguide orthomode transducers 1, 8, and 13 each having a 

30 structure shown in Figs . 6 and 7 . The waveguide orthomode 
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transducers 1^ 8, and 13 can have the same structure- For the 
sake of simplicity. Figs. 6 and 7 show the structure of the 
waveguide orthomode transducer 13. 

In Figs. 6 and 7, the same reference numerals as shown in Figs. 
5 4 and 5 denote the same components or like components, and 
therefore the explanation of these components will be omitted 
hereafter. 

When receiving a circularly polarized wave signal C2 
outputted thereto from a primary radiator 14 via an input/output 

10 terminal P9, a circular main waveguide 41 transmits the 
circularly polarized wave signal (including a vertically 
polarized electric wave and a horizontally polarized electric 
wave) C2 . Another square main waveguide 42 is connected to the 
circular main waveguide 41, and has an aperture diameter larger 

15 than that of a square main waveguide 32 and a level difference 
at a connecting portion where it is connected to the square main 
waveguide 32, the level difference being sufficiently smaller 
than the free space wavelength of an available frequency band. 
The square main waveguide 42 transmits the circularly polarized 

20 wave signal (including a vertically polarized electric wave and 
a horizontally polarized electric wave) C2 transmitted thereto 
by the square main waveguide 42. 

When the antenna apparatus receives a horizontally 
polarized electric wave H of basic mode (i.e., TEOl mode) via 

25 the input /output terminal P9, the circular main waveguide 41 
and the square main waveguides 42 and 32 transmit the 
horizontally polarized electric wave H to a 
quadrangular-pyramid-shaped metallic block. 

When the horizontally polarized electric wave H then 

30 reaches the quadrangular-pyramid-shaped metallic block 34, the 
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quadrangular-pyramid-shaped metallic block makes it branch 
toward both the direction of a rectangular waveguide branching 
unit 35a and the direction of a rectangular waveguide branching 
unit 35b (in the figures, in the directions of H). 
5 In other words, since each of rectangular waveguide 

branching units 35c and 35d has upper and lower walls having 
a gap which is equal to or smaller than one half of the free 
space wavelength of the available frequency band, the 
horizontally polarized electric wave H is not made to branch 

10 toward the directions of the rectangular waveguide branching 
units 35c and 35d (in the figures, in the directions of V) due 
to the interception effect of the rectangular waveguide 
branching units 35c and 35d, but is made to branch toward the 
directions of the rectangular waveguide branching units 35a and 

15 35b (in the figures, in the directions of H). 

Since the orientation of the electric field is changed 
along the quadrangular-pyramid-shaped metallic block 34 and a 
short-circuit plate 33, the electric field has a distribution 
equivalent to an electric field distribution provided by two 

20 rectangular waveguide E-plane miter bends having excellent 
reflective characteristics which are placed so that they are 
symmetric to each other- Therefore, the horizontally 
polarized electric wave H is efficiently outputted in the 
directions of the rectangular waveguide branching units 35a and 

25 35b while leakage of the horizontally polarized electric wave 
H in the directions of the rectangular waveguide branching units 
35c and 35d is suppressed. 

A connecting portion where the circular main waveguide 
41 is connected to the square main waveguide 42, the square main 

30 waveguide 42, and a connecting portion where the square main 
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waveguide 42 is connected to the square main waveguide 32 serve 
as a circular-to-rectangular waveguide multi-stage 
transformer. Therefore, when the diameter of the circular main 
waveguide 41, the diameter of the square main waveguide 42 and 
5 the length of the waveguide axis of the square main waveguide 
42 are properly designed, the circular-to-rectangular 
waveguide multi-stage transformer has reflection 
characteristics in which there is a large reflection loss in 
a frequency band near the cut-off frequency of the basic mode 

10 of the horizontally polarized electric wave H and there is a 
very small reflection loss in a frequency band to some extent 
higher than the cut-off frequency. The reflection 

characteristics are similar to the reflection characteristics 
of the above-mentioned branching portion at which the 

15 horizontally polarized electric wave H is made to branch toward 
the directions of the rectangular waveguide branching units 35a 
and 35b, and the above-mentioned circular-to-rectangular 
waveguide multi-stage transformer is positioned so that a 
reflected wave from the branching portion and a reflected wave 

20 from the above-mentioned circular-to-rectangular waveguide 
multi-stage transformer cancel each other out in a band close 
to the cut-off frequency. Therefore, any degradation in the 
reflection characteristics in the frequency band near the 
cut-off frequency can be suppressed without impairing the good 

25 reflection characteristics in the frequency band to some extent 
higher than the cut-off frequency of the basic mode of the 
horizontally polarized electric wave H. 

Each of the rectangular waveguide multi-stage 
transformers 36a and 36b has a waveguide axis which is curved, 

30 and has an upper wall in which two or more level differences 
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are formed and the level differences are arranged at intervals 
of about one quarter of the wavelength of an electric wave 
propagating therethrough with respect to a centerline of the 
waveguide. After all, the two components in the directions of 
5 the rectangular waveguide branching units 35a and 35b toward 
which the electric wave H is made to branch toward are combined 
into a composite wave signal by a rectangular waveguide E-plane 
T-branching circuit 37 and the composite wave signal is 
efficiently outputted via an input/output terminal P7 without 

10 the reflection characteristics of the waveguide orthomode 
transducer being impaired. 

On the other hand, when the waveguide orthomode 
transducer receives a vertically polarized electric wave V of 
basic mode (i.e. , TEIO mode) via the input /output terminal P9, 

15 the circular main waveguide 41 and the square main waveguides 
42 and 32 transmit the vertically polarized electric wave V to 
the quadrangular-pyramid-shaped metallic block. 

When the vertically polarized electric wave V then 
reaches the quadrangular-pyramid-shaped metallic block 34, the 

20 quadrangular-pyramid-shaped metallic block makes it branch 
toward both a direction of the rectangular waveguide branching 
unit 35c and a direction of the rectangular waveguide branching 
unit 35d (in the figures, in the directions, of V). 

In other words, since each of the rectangular waveguide 

25 branching units 35a and 35b has upper and lower walls having 
a gap which is equal to or smaller than one half of the free 
space wavelength of the available frequency band, the 
vertically polarized electric wave V is not made to branch 
toward the directions of the rectangular waveguide branching 

30 units 35a and 35b (in the figures, in the directions of H) due 
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to the interception effect of the rectangular waveguide 
branching units 35a and 35b^ but is made to branch toward the 
directions of the rectangular waveguide branching units 35c and 
35d (in the figures, in the directions of V). 
5 Since the orientation of the electric field is changed 

along the quadrangular-pyramid-shaped metallic block 34 and the 
short-circuit plate 33, the electric field has a distribution 
equivalent to an electric field distribution provided by two 
rectangular waveguide E-plane miter bends having excellent 

10 reflection characteristics which are placed so that they are 
symmetric to each other. Therefore, the vertically polarized 
electric wave V is efficiently outputted in the directions of 
the rectangular waveguide branching units 35c and 35d while 
leakage of the vertically polarized electric wave V in the 

15 directions of the rectangular waveguide branching units 35a and 
35b is suppressed- 

The connecting portion where the circular main waveguide 
41 is connected to the square main waveguide 42 , the square main 
waveguide 42, and the connecting portion where the square main 

20 waveguide 42 is connected to the square main waveguide 32 serve 
as a circular-to-rectangular waveguide multi-stage 
transformer. Therefore, when the diameter of the circular main 
waveguide 41, the diameter of the square main waveguide 42 and 
the length of the waveguide axis of the square main waveguide 

25 42 are properly designed, the circular-to-rectangular 
waveguide multi-stage . transformer has reflection 
characteristics in which there is a large reflection loss in 
a frequency band near the cut-off frequency of the basic mode 
of the vertically polarized electric wave V and there is a very 

30 small reflection loss in a frequency band to some extent higher 



30 

than the cut-off frequency. The reflection characteristics 
are similar to the reflection characteristics of the 
above-mentioned branching portion at which the vertically 
polarized electric wave V is made to branch toward the 
5 directions of the rectangular waveguide branching units 35c and 
35d, and the above-mentioned circular-to-rectangular 
waveguide multi-stage transformer is positioned so that a 
reflected wave from the branching portion and a reflected wave 
from the above-mentioned circular-to-rectangular waveguide 

10 multi-stage transformer cancel each other out in a band close 
to the cut-off frequency. Therefore, any degradation in the 
reflection characteristics in the frequency band near the 
cut-off frequency can be suppressed without impairing the good 
reflection characteristics in the frequency band to some extent 

15 higher than the cut-off frequency of the basic mode of the 
vertically polarized electric wave V. 

Each of the rectangular waveguide multi-stage 
transformers 36c and 36d has a waveguide axis which is curved, 
and has a lower wall in which two or more level differences are 

20 formed and the level differences are arranged at intervals of 
about one quarter of the wavelength of an electric wave 
propagating therethrough with respect to a centerline of the 
waveguide. After all, the two components in the directions of 
the rectangular waveguide branching units 35c and 35d toward 

25 which the electric wave V is made to branch are combined into 
a composite wave signal by a rectangular waveguide E-plane 
T-branching circuit 38 and the composite wave signal is 
efficiently outputted via an input /output terminal P6 without 
the reflection characteristics of the waveguide orthomode 

30 transducer being impaired. 
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Although the explanation of the principle of operation 
of the waveguide orthomode transducer is made as to the case 
where the input /output terminal P9 is used as an input terminal 
and the input /output terminals P7 and P8 are used as output 
5 terminals, the waveguide orthomode transducer of this 
embodiment operates on the same principle of operation even in 
a case where the input/output terminals P7 and P8 are used as 
input terminals and the input/output terminal P9 is used as an 
output terminal . 

10 As can be seen from the above description, this embodiment 

4 offers an advantage of being able to provide good reflection 
characteristics and isolation characteristics in a wide 
frequency band including a frequency range close to the cut-off 
frequency of the basic mode of the square main waveguide 32, 

15 Since the length of the square main waveguide 32 in the direction 
of its waveguide axis can be shortened in each of the waveguide 
orthomode transducers 1, 8, and 13, the physical size of the 
antenna apparatus can be reduced. 

20 Embodiment 5 . 

Fig. 8 is a side view showing an antenna apparatus 
according to embodiment 5 of the present invention, and Fig. 
9 is a top plan view showing the antenna apparatus of Fig. 8- 
In Figs. 8 and 9, the same reference numerals as shown 
25 in Figs, 1 and 2 denote the same components as shown in the 
figures or like components, the explanation of these components 
will be omitted hereafter. 

RF modules 51a and 51b are inserted into rectangular 
waveguides 10a and 10b, and amplify linearly polarized wave 
30 signals L3 and L4, respectively. 
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Fig. 10 is a block diagram showing the RF modules 51a and 
51b, and each of the RF modules 51a and 51b is provided with 
waveguide branching filters 52 and 53 and a low noise amplifier 
54. 

5 Since the antenna apparatus according to this embodiment 

has the same structure as that according to above-mentioned 
embodiment 1 with the exception that the RF modules 51a and 51b 
are inserted into the rectangular waveguides 10a and 10b, 
respectively, only the operation of each of the RF modules 51a 

10 and 51b will be explained hereafter. 

In accordance with above-mentioned embodiment 1 , the 
rectangular waveguides 9a, 10a, 9b, and 10b are routed so that 
the waveguide orthomode transducer 13 is disposed below the 
waveguide orthomode transducer 8, and therefore the linearly 

15 polarized wave signals L3 and L4 outputted from the waveguide 
orthomode transducer 13 decrease in magnitude with increase in 
the sizes of the rectangular waveguides 9a, 10a, 9b, and 10b. 

In contrast, in accordance with this embodiment 5, the 
RF modules 51a and 51b amplify linearly polarized wave signals 

20 L3 and L4 outputted from the waveguide orthomode transducer 13, 
respectively, and also make linearly polarized wave signals L3 
and L4 outputted from the waveguide orthomode transducer 8 pass 
therethrough, just as they are, respectively. 

In other words, the waveguide branching filter 52 of the 

25 RF module 51a branches the linearly polarized wave signal L3 
outputted from an input/output terminal P7 of the waveguide 
orthomode transducer 13 toward the low noise amplifier 54 
without branching it toward the waveguide branching filter 53. 
As a result, the low noise amplifier 54 amplifies the linearly 

30 polarized wave signal L3, and the waveguide branching filter 
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53 then outputs the amplified linearly polarized wave signal 
L3 to an input/output terminal P5 of the waveguide orthomode 
transducer 8. 

On the other hand^ the waveguide branching filter 53 of 
5 the RF module 51a does not branch the linearly polarized wave 
signal L3 outputted from the input/output terminal P5 of the 
waveguide orthomode transducer 8 toward the low noise amplifier 
54, but branches it toward the waveguide branching filter 52. 
The waveguide branching filter 52 then outputs the linearly 

10 polarized wave signal L3 to the input/output terminal P7 of the 
waveguide orthomode transducer 13. 

Similarly, the waveguide branching filter 52 of the RF 
module 51b branches the linearly polarized wave signal L4 
outputted from an input /output tjBrminal P8 of the waveguide 

15 orthomode transducer 13 toward the low noise amplifier 54 
without branching it toward the waveguide branching filter 53. 
As a result, the low noise amplifier 54 amplifies the linearly 
polarized wave signal L4, and the waveguide branching filter 
53 then outputs the amplified linearly polarized wave signal 

20 L4 to an input /output terminal P6 of the waveguide orthomode 
transducer 8. 

On the other hand, the waveguide branching filter 53 of 
the RF module 51b does not branch the linearly polarized wave 
signal L4 outputted from the input/output terminal P6 of the 

25 waveguide orthomode transducer 8 toward the low noise amplifier 
54, but branches it toward the waveguide branching filter 52, 
and the waveguide branching filter 52 then outputs the linearly 
polarized wave signal L4 to the input /output terminal P8 of the 
waveguide orthomode transducer 13. 

30 This embodiment 5 offers an advantage of being able to 
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suppress degradation in quality due to a transmission loss of 
the linearly polarized wave signals L3 and L4 caused by the 
rectangular waveguides 9a, 10a, 9b, and 10b. 

5 Embodiment 6 . 

In accordance with above-mentioned embodiment 5 , each of 
the RF modules 51a and 51b is provided with the waveguide 
branching filters 52 and 53 and the low noise amplifier 54. In 
contrast, in accordance with this embodiment, the RF module 51b 

10 . can have a structure as shown in Fig. 11. The RF module 51a 
can have the same structure as the RF module 51b, though the 
RF module 51a is not illustrated in the figure. 

Fig. 11(a) is a cross-sectional view showing each of the 
RF modules 51a and 51b, Fig. 11(b) is a side view of a 

15 single-sided corrugated rectangular waveguide low pass filter 
65 of Fig. 11(a) when viewed from the left side of the figure. 
Fig. 11(c) is a side view of a single-sided corrugated 
rectangular waveguide low pass filter 66 of Fig. 11(a) when 
viewed from the right side of the figure. Fig. 11(d) is a plan 

20 view of a low noise amplifier 71 and so on of Fig. 11(a) when 
viewed from the upper side of the figure. 

When a linearly polarized wave signal L4 outputted from 
an input /output terminal P8 of a waveguide orthomode transducer 
13, i.e., a basic mode (i.e., a rectangular waveguide TEOl mode ) 

25 of an electric wave of a first frequency band is inputted to 
each RF module via an input/output terminal Pll, this electric 
wave propagates through a rectangular main waveguide 61, a 
stepped rectangular waveguide E-plane T-branching circuit 63, 
and the single-sided corrugated rectangular waveguide low pass 

30 filter 65, and is then inputted into the low noise amplifier 
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71 constructed of an MIC via a rectangular-waveguide-to-MIC 
converter 69. This electric wave is then amplified by the low 
noise amplifier 71. 

The amplified electric wave is then outputted from 
5 another rectangular-waveguide-to-MIC converter 70, propagates 
through the single-sided corrugated rectangular waveguide low 
pass filter 66, another stepped rectangular waveguide E-plane 
T-branching circuit 64, and a rectangular main waveguide 62, 
and is outputted, as the basic mode of the rectangular waveguide, 

10 to an input/output terminal P6 of a waveguide orthomode 
transducer 8 via an input/output terminal P12. 

On the other hand, when a linearly polarized wave signal 
L4 outputted from the input /output terminal P6 of the waveguide 
orthomode transducer 8, i.e. , a basic mode (i.e. , a rectangular 

15 waveguide TEOl mode) of an electric wave of a second frequency 
band higher than the first frequency band is inputted to each 
RF module via the input/output terminal P12, this electric wave 
propagates through the rectangular main waveguide 62, the 
stepped rectangular waveguide E-plane T-branching circuit 64, 

20 inductive iris coupled rectangular waveguide band pass filters 
68 and 67, the stepped rectangular waveguide E-plane 
T-branching circuit 63, and the rectangular main waveguide 61, 
and is outputted, as the basic mode of the rectangular waveguide, 
to the input /output terminal P8 of the waveguide orthomode 

25 transducer 13 via the input/output terminal Pll. 

Each of the single-sided corrugated rectangular 
waveguide low pass filters 65 and 66 is so designed as to allow 
any electric wave of the first frequency band to pass 
therethrough and to reflect any electric wave of the second 

30 frequency band. In contrast, each of the inductive iris coupled 
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rectangular waveguide band pass filters 67 and 68 is so designed 
as to allow any electric wave of the second frequency band to 
pass therethrough and to reflect any electric wave of the first 
frequency band. 

5 In addition, the stepped rectangular waveguide E-plane 

T-branching circuit 63 has a matching step that is disposed at 
a branching portion thereof and is designed so that both a 
reflected wave caused thereby when an electric wave of the first 
frequency band is incident thereupon from the rectangular main 

10 waveguide 6 1, and a reflected wave caused thereby when an 
electric wave of the second frequency band is incident thereupon 
from the inductive iris coupled rectangular waveguide band pass 
filter 67 are reduced as much as possible, respectively. 

Similarly, the stepped rectangular waveguide E-plane 

15 T-branching circuit 64 has a matching step that is disposed at 
a branching portion thereof and is designed so that both a 
reflected wave caused thereby when an electric wave of the first 
frequency band is incident thereupon from the single-sided 
corrugated rectangular waveguide low pass filter 66, and a 

20 reflected wave caused thereby when an electric wave of the 
second frequency band is incident thereupon from the 
rectangular main waveguide 62 are reduced as much as possible, 
respect ively - 

As a result, the electric wave of the first frequency band 
25 inputted to each RF module via the input /output terminal Pll 
is efficiently inputted into the low noise amplifier 71 while 
both reflection of the electric wave to the input/output 
terminal Pll, and direct leakage of the electric wave to the 
stepped rectangular waveguide E-plane T-branching circuit 64 
30 are suppressed. Furthermore, the electric wave of the first 
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frequency band amplified by the low noise amplifier 7 1 is 
efficiently outputted via the input/output terminal P12 without 
being sent back to the stepped rectangular waveguide E-plane 
T-branching circuit 63. 
5 In addition, the electric wave of the second frequency 

band inputted to each RF module via the input /output terminal 
Pll is efficiently outputted via the input /output terminal Pll 
while both reflection of the electric wave to the input/output 
terminal PI 2 and leakage of the electric wave to the low noise 

10 amplifier 71 are suppressed. 

According to this embodiment 6, at the same time that each 
RF module efficiently amplifies and makes an electric wave of 
the first frequency band inputted thereto via the input/output 
terminal Pll pass therethrough without making the electric wave 

15 oscillate, each RF module can make most of an electric wave of 
the second frequency band inputted thereto via the input/output 
terminal P 12 pass therethrough with almost no loss of the 
electric wave. In addition^ when the number of resonators 
included in each of the inductive iris coupled rectangular 

20 waveguide band pass filters 67 and 68 is properly reduced, the 
distance between the input /output terminal Pll to the 
input /output terminal P12 is shortened. In this case, the 
physical size and weight of each RF module can be reduced and 
the performance of each RF module can be enhanced. 

25 

Embodiment 7 . 

In the antenna apparatus according to either of 
above-mentioned embodiments 1 to 6, a linearly polarized wave 
signal Ll is outputted or inputted via the input/output terminal 
30 PI of the waveguide orthomode transducer 1, and a linearly 
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polarized wave signal L2 is outputted and inputted via the 
input/output terminal P2, as previously mentioned. In 
contrast, an antenna apparatus according to this embodiment is 
provided with an input /output means for outputting or inputting 
5 a linearly polarized wave signal Ll via an input/output terminal 
Pi of a waveguide orthomode transducer 1, and for outputting 
or inputting a linearly polarized wave signal L2 via an 
input/output terminal P2 of the waveguide orthomode transducer 
1, as shown in Fig. 12. 

10 In this embodiment, the input /output means comprises 

waveguide branching filters 81 and 82, a waveguide 90-degree 
hybrid circuit 83, a coaxial-cable 90-degree hybrid circuit 84, 
high power amplifiers 85 and 86, low noise amplifiers 87 and 
88, variable phase shifters 89 to 92, coaxial-cable 90-degree 

15 hybrid circuits 93 and 94, and coaxial-cable-to-waveguide 
converters 95 and 96. 

Thus, by using the input /output means, the antenna 
apparatus can receive a right-hand circularly polarized wave 
signal and a left-hand circularly polarized wave signal, and 

20 can also transmit and receive a linearly polarized wave having 
an arbitrary angle. 

Industrial Applicability 

As mentioned above, the antenna apparatus in accordance 
25 with the present invention can be used in a VHF band, a UHF band, 
a microwave band, a millimeter wave band, etc. 



